This study aimed to analyse the performance of Hiromu Inada (HI), an 85-year-old triathlete, who became the oldest athlete in the world to complete the famous Hawaii Ironman triathlon consisting of a 3.8km swim, 180-km cycle and 42-km run. HI swam in 1 h 51 min, cycled in 8 h 02 min, ran in 6 h 28 min and took 31 min for his transitions, for a total time of 16 h 53 min. Compared to the winner's speed, HI was 55, 47 and 58% slower in swimming, cycling and running, respectively. For the same age-group category (i.e. 85-89 years), the agerelated decline in performances of HI are more pronounced compared to the agerelated decline in performance of shorter duration endurance single discipline such as 1500-m swimming, 1-h track cycling or marathon running. To our knowledge, the performance of HI represents the first written observation of a master athlete older than 85 years old who officially finished an ultra-endurance event. The HI case is a clear example that humans can retain remarkable functionality until the end of their life span⋯ if they train for it.
Introduction
Masters athletes (age > 40 years) are known to show a delayed decline in age-related performance . The improvement in performance observed among masters athletes over the past few decades is more marked for the older age groups (Lepers & Cattagni, 2012; Lepers, Rüst, Stapley, & Knechtle, 2013) . In the field of endurance, the performances of octogenarian athletes such as Canada's Ed Whitlock who ran a marathon at the age of 80 in 3 h 15 min, are exceptional . The Ironman triathlon, which combines three disciplines (3.8 km swimming, 180 km cycling and 42 km running), is a very challenging ultra-endurance event (Lepers, 2008) . On October 14th 2018, the 85-year-old Japanese Hiromu Inada (HI) became the oldest athlete in the world to complete Hawaii's famous Ironman triathlon in 16 h 53 min. This performance is quite exceptional and to our knowledge represents the first official performance of an 85-year-old athlete in an endurance event exceeding 15 h.
The aim of this study was to analyse the performance of this 85-year-old triathlete by examining his performances in the three Ironman disciplines, and comparing them to those of athletes of the same age but in other endurance events of a shorter duration.
Methods

Participant
HI retired at age 60, and began swimming at a gym near his house to maintain his health. Starting at age 65, he has competed in four aquathlons, events that combine swimming and running. He bought himself a road bike at age 69, and at 70 completed his first triathlon. He began entering triathlon competitions of longer distance and duration until he reached the Ironman distance.
He participated in his first Ironman triathlon in Japan at the age of 76 but on that day he failed to make the 17-h time cut off to begin the marathon distance run. He officially finished his first Ironman in Korea in less than 16 h at the age of 78 and qualified for the Ironman World Championship in Hawaii. Unfortunately, for this first attempt in Hawaii, he was stopped during the swim due to a sudden hyperpnoea. Next year at the age of 79, he earned a slot for Hawaii after winning this age-group category at the Ironman 70.3 Asia-Pacific Championship in Phuket. He successfully finished his first Hawaii Ironman triathlon in 2012 at the age of 79. Since 2012, he has competed every year in Hawaii where he had three successful finishes and three races that he abandoned (DNF, see Tab. 1). Since October 2018, at 85 years old, HI holds the record as the oldest person to complete in an Ironman.
Data were collected from the following websites of the international associations or federations: http://eu.iron man.com for the Hawaii Ironman triathlon, http:// archives.fina.org/H2O/docs/masters/wrtop10/WRLSCM. pdf for swimming, https://todaycycling.com/record-de-lheure-battu-pour-gilbert-douillard-86-ans for cycling and https://world-masters-athletics.com for running.
The data, initially presented as time performances, were recalculated as average speeds for each discipline of triathlon or event. Within each discipline of triathlon, the age-related declines in performance were expressed using as a ratio calculated between the performances of the best ever performer of each 5-year age group and the performance of the elite category i.e. age-group 18-39 years. The Ironman performances of HI was also compared to the world best performances for the same age-group 85-89 years in single events such as: 1500 m swimming, 1-h track cycling and marathon running. Swimming and running can be compared with isolated performances of the same duration, but unfortunately this is not the case with cycling, as there are no 180 km cycling competitions. Within each event, the decline in performance of the best athlete in the age-group 85-89 years was expressed as a percentage of the world record for that event, as follows:
Decline in performance (%) = (Performance at 85-89 yrs À World Record) / World Record Â 100.
Because the present study is only based on the actual world best performances achieved in the different agegroups, it was not possible to perform a rigorous statistical analysis. Therefore, the results and their interpretations are the result only of a descriptive analysis.
Results
At the age of 85, HI finished the Hawaii Ironman triathlon in a time of 16:53:49. The swimming, cycling, running and transition parts represented 11, 48, 38 and 3%, respectively of the total time (Tab. 2). By comparison, the swimming, cycling, running and transition parts represented 11, 54, 34 and 1% respectively of the total time for the overall winner who finished in 7:52:39. Figure 1 shows the age-related declines in the three disciplines at the Hawaii Ironman triathlon based on each age-group total time record holder. After 70 years old, the age-related decline appears less pronounced for cycling than for swimming and running. In comparison to the young records, HI was 47% slower in cycling but 55 and 58% slower in swimming and running, respectively. Compared to world best performances of the same agegroup category (i.e. 85-89 years) in single endurance events but of shorter duration, it appears that the agerelated declines in performance are more pronounced for HI regardless of the discipline i.e. 1500-m swimming, 1-h track cycling or marathon running (Tab. 2).
Discussion
The performance of HI who finished the Hawaii Ironman triathlon in less than 17 h at the age of 85 years is exceptional and to our knowledge represents the first written account of a master athlete older than 85 years old who officially finished an ultra-endurance event. It should be highlighted that since this athlete is the only one in the category over 85 to complete an Ironman triathlon, he is not representative of the strongest performance in the category compared to other single disciplines where much more athletes compete.
Previous studies have already described the exceptional endurance performances of athletes over 80 or even 100 years old in the field of athletics, swimming or cycling (e.g. 1-hour record), Lepers, Stapley, & Cattagni, 2016) . One of the most remarkable is that of the cyclist Robert Marchand, who cycled 26.92 km in one hour at the age of 102 . However, there is little data on the performance of athletes aged 85 and over for events longer than 2 h, except for the marathon. The record in the 85-89 years age category belongs to Canadian athlete Ed Whitlock who ran a marathon in 3 h 56 min at the age of 85. A recent case study also reported that a 95-year old man was able to run during 12 h for a total distance of 53 km (Knechtle, Jastrzebski, Rosemann, Pantelis, & Nikolaidis, 2019) .
In comparison to the world records, the age-related declines in performance of HI in the three disciplines of triathlon and in total time are more pronounced than those observed for the same age (i.e. at 85 years) old for 1500-m swimming, 1-h cycling and marathon running. Several factors could explain these relative lower performances for HI. Firstly, HI trains in three disciplines and does not have a specific focused training in one discipline as master swimmers, cyclists or runners have. Secondly, the combination of three disciplines and exercise-induced fatigue could explain the greater age-related decline in marathon running performance during Ironman triathlon compared to marathon running alone. Thirdly, event duration may exert an influence on the age-related decline in performance, especially when we compare endurance events ranging between 30 min and 4 h and ultraendurance event such Ironman triathlon lasting around 17 h. showed that the magnitude of the declines in cycling and running performances with advancing age (until 70 years of age) at Olympic Triathlon (∼ 3 h) was less pronounced than at Ironman triathlon (∼ 15 h). Greater muscular fatigue following dynamic contractions (Christie, Snook, & Kent-Braun, 2011; Krüger, Aboodarda, Samozino, Rice, & Millet, 2018) , lower resistance to muscle damage and slower recovery (Close, Kayani, Vasilaki, & McArdle, 2005; Fell & Williams, 2008; Lavender & Nosaka, 2006) , and alterations in substrate oxidation with advancing age (Mittendorfer & Klein, 2001) could explain in part the greater age-related decline in Ironman performances compared to shorter endurance performances even if these assumptions need to be verified in the context of ultra-endurance events. Interestingly, the age-related decline in HI performances appeared less pronounced for 180-km cycling compared to 3.8 km swimming and 42-km running. Similar findings have been observed for shorter distance triathlon Lepers, et al., 2010) in which the three disciplines are completed in succession but also when swimming, cycling and running performances were performed alone (Lepers, Stapley, & Cattagni, 2018) . Several hypotheses have been proposed to explain the smaller decline in cycling performance with advancing age, such as better preservation of cycling efficiency than energy cost of running (Peiffer, Abbiss, Sultana, Bernard, & Brisswalter, 2016) , less mechanical constraints (Vleck, Millet, & Alves, 2014) , greater muscular fatigue during running (Millet & Lepers, 2004) . Moreover, mechanical power output in running depends on the velocity while it depends on third power of velocity in cycling and swimming (Stevenson, Song, & Cooper, 2013) . If we assume that the changes in aerobic capacity with age are directly related to the decline in mechanical power, a similar reduction in power output for running and cycling with advancing age would induce a lower reduction in cycling velocity than running velocity. This may also explain, in part, why the magnitude of the decrease in cycling performance with age was less than that for running.
To achieve such level of performance at 85 years of age, HI may benefit from the right genetics (Valenzuela, Morales, Santos-Lozano, & Lucia, 2018) , but he is also an example to show that trained master athletes can preserve their physical function despite their advancing age. Regular exercise practice during one's lifetime prevents or at least attenuates the degeneration of muscle mass, cardiorespiratory fitness, and skeletal muscle metabolic status at an advanced age (> 70 years) (for review see Mckendry, Breen, Shad, & Greig, 2018) . HI represents the proof that physical exercise should be a cornerstone in the fight against the decline of intrinsic capacity in the oldest-old.
It would be interesting to know how HI trained to prepare an Ironman triathlon. In an interview (Kamada, 2018) , HI said he has adopted a hard training schedule of resting only one or two days a week, and on every other day rising at six a.m., practicing hard until four p.m., and going to bed by nine p.m. at the latest. One example of his typical training week is the following: 12 km swim, 380 km cycle, 45 km which corresponds approximately to a 30hour training week. Even if the following data should be considered with caution, his training volume is in the range of the best elite Ironman triathletes, at least in duration.
In conclusion, the recent performance of HI at the age of 85 at the Hawaii Triathlon in a sport that combines three disciplines requiring nearly 17 h of effort is exceptional and shows that it is never too late to become an Ironman. It raises the question of the limit of performance with age in the field of ultra-endurance. Instead of viewing such older athletes' performances as biological exceptions, why not consider the medically relevant message they convey; that is, humans can retain remarkable functionality until the end of their life span… if they train for it (Valenzuela, Castillo García, Morales, Santos-Lozano, & Lucia, 2019) .
